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I .(I INTRODUCTION 

1 . I  Sackground 

I hc  I niwd Statcs Go\ e~nment  cur~entl! has an abundance ofdcplered uian~uiii ( IL). I his 
surplus of‘ about 1 billion po~inds the r e d t  of 311 c111 ichnient process using gaseous dill‘usioii 
t o  produce en1 iched arid deplctcd UI anium The cnriched uran~um has been used primarilj for 
either nuclear \\capons fbr- the inilltar! or iiuclcar fuel foi the commercial pol\ er industr! hloqt 
of the depleted uranium remains at the enrichment process plants i n  the form of depletcd 
uraniuni hexafluoride (DLII-6). The Department of Energ! (DOE) recently began a stud) to 
identifji possible commercial applications for the surplus rnaterial. 

One of these potentid applicationc is IO use tlic DI1 in high-densit! strikers/hanimers in 
pneumdicaIi> d r i \ ~ 1 7  tools. sui11 as iacL liaiiinie~ s and pllcdri\ er5 to improve their impulse 
performance I he use of DU could potentiall! increase tunneling \ elocity and exca\’atioii into 
target materials u i t h  imprm ed efficie~ic! . 

I’liis report dcscribes the efforts under~aAcn to ;inalyx the pa-tjciilars of using DLi in  tu o 
spec i fic s t r i hi 11 g applications : t hc j ac k ii ani me r and ch i pper ioo 1 . 

2.0 SCOPE AND APPROACH 

Industry uses man!’ t”cs of impact tools and equipment ranging from small chippers and scalers 
to medium jackhammers, large pile-drivers. and stamping machines. The effectiveness of an 
impact tool partially depends 011 the density of the part that provides the impact energy. The 
jackhammer and chipper were used to demonstrate increased effectiveness with the increase of 
material density. A commercially available jackhammer and chipper were modified by replacing 
their steel pistons with a heavy metal tungsten alloy which has essentially the same density as 
DU. Although tungsten alloy is much more expensive than DU, it is not radioactive and hence is 
easier to fabricate and to test. The jackhammer design modifications took into account that DU is 
radioactive. 

A test demonstration was conducted to compare the modified jackhammer and chipper with the 
original unmodified ones. Test parameters included cutting speed or depth, thickness and 
hardness of material being cut. and type of cutting tools. Specific effects and overall comfort of 
the operator were assessed. 



3.1. . I  3 c 1< h a 111 1x1 ct- 

A ~acl,hammer is a porlahlc osc i l l a t~n~  rock drill operaled b j  compressed air. ’I’he compressed air  
prm4cles a pressure behind a pistoidstriker bar (PSB) and imparts kinetic energy to the PSH. The 
l’S13 \irikes ;I tool bit pro\ iding ii  \\ i t h  moinc~~~uin  and energ] . I he tool bit impacts and 
pcncti ales a taryci materiai such as concrete 1 he penetration into the target material depends 011 

ihc iiii)in~‘iiiuiii and energ;\ t r a n s h  rcd to thc target material. 

3.2 Chipper 

r 1  I he chipper n orks on the same principle as the jackhammer in that i t  uses compressed air to 
accelerate a piston. which impacts a tool hi1 ~ h i c l i  then impacts the target material. ‘l’he primar~ 
difkience from the jackhan~nicr is that thc cliippe1 is a sniailcr hand held io01 and is used for 
LnocAing out holzs or chipping into concre~r:. 

-2.0 MODf FIED DESIGN A N D  ANALYSIS 

4.1 J a c kha in in et- 

A cutauay illustration of a jackhammer is shown in Figure 1 .  This specific jacklianimer model 
has an integral PSB which iniparts the kinetic energy to the bit or other impacted tool. The initial 
1lU design modifies only the integral PSB. The striker bar portion is bored out, leaving sonic‘ 
cladding material in order to completely encapsulate the DU. The initial design used a press fit 
cap to hold the tungsten alloy bar (substitute for DU) in place inside the bored out cavity. The 
initial design modification increased the pistodstriker bar weight by 60%. Buckling and finite 
elenient analysis of the bored out bar with the tungsten alloy insert were performed. The analyses 
showed that the design would not fail for the anticipated loading. During testing, the jackhammer 
vibration caused the press fit cap assembly to disengage due to knock-on by the tungsten alloy 
bar against the end of the cavity. The cladding material failed and the testing ended before any 
significant data was recorded. 

A second design was developed that used a cap screw to hold the tungsten alloy bar in place 
against the end of the cavity. In its final configuration, shown in Figure 2, the cap screw was 
epoxied in place with a 200 ft-lb torque to resist vibration forces to loosen it. This design 
configuration increases the weight by 45% compared to the unmodified design. A production 
model design would use an electroless nickel-coated DU bar inside the cavity and would weigh 
4040% heavier than the unmodified design (References 1-2). If the entire pistodstriker bar part 
were entirely made of DU, the weight increase would be over 140%. 

Several analytical models have been developed that describe the motion of the PSB of a 
pneumatic jackhammer and the forces exerted by the end of the bit during penetration of a target 
(References 3-8). These models are somewhat complex and in some cases are programmed to 
execute on a computer. To estimate the effect of using a heavy metal in place of steel in the PSB 
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\I here p. c. A. are the densit!. \ \a\  e 1 eloclt) and area of the bit denoted by the subsci 11% b. 1 lie 
bit forward force is Fb and the reflected force is Fr. If the target force penetration eflicieiicy is 
509 L expression (1) becoixel: 

\i'lierc Vi0 is the initial impact \~cloci t~ of the PSB onto the bit and p. c A are the densit!. \1 .a , t3  

\ielocit> and area ofthe 1313 and bit denoted by subscripts p and b respectivel),. 

The ratio (Vr) of the bit velocity for the modified PSB to that of original steel PSB can be 
estimated by 

v, = 
V b  

- + 1  AP 

Ail 

in Figure 3 the initial bit velocity ratio is presented as a function of the density, young modulus 
(pE) ratios normalized steel materials for specific bit to PBS area ratios. 
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Figure 1 Cutaway of typical jackhammer 
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Figure 2 Modified pistodstriker bar design 
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Figure 3 Velocity ratio as function of product of density and Young's modulus ratio 
normalized to steel pistonktriker and steel bit 
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The clipper 1001 was selected to gain experience i n  operating a liglitu eight pneumatic impact 
tool. '4 model similar to the one in Figure 4 was tested. 'I'his particular model uses a beehi\,e or 
spring rc'taincr to keep the chisel u:itIiin the tool. The air-driven chipper dri\-cs a c! lindrical ~ : c c ? l  
piston against a chisel. which impacts the target marcrial. The chipper \\;is modified 13). Iyplaciiig 
the steel piston with a tungsten alloy one. A sketch of the piston is ~ 1 1 0 ~  11 in l i ,  "ure 5 .  

Orig~~ial l> \\e planned only to test the chippel io01 penetration late 0 1  depth into various 
materials for the t u o  configurations. In operating the chipper tool it was obser\ ed that ihc 
bt.elii\~e or spr~iig retainer extended further M ith the tungsten allo~7 piston compared to thc steel 
one There \+as also a stronger kick or force Lvitli the tungsten alloy piston. We decided to 
measui e thr spring deflection and spring force to compare the modil7ed tool \I ;th the unmodifird 
tool in addition to the penetration tests. 

Figure 4 Chipper tool 
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Figure 5 Chipper piston 

5.0 TESTS 

5.1 Chipper 

The approach for comparing tunneling velocity was to measure the holc depth made by the 
chipper in an oak u ood block using- in one trial, the steel piston. and in another trial, the 
tungsten alloy piston for the same length of time. The procedure was to apply the chipper chisel 
against the oak piece, and activate the chipper for a set time period. The depth of the hole was 
then measured by a micrometer. The same test was then performed on aluminum alloy plate. 

The test data are summarized in Tables 1 and 2 for two test sequences.. From the data is appears 
that the tunneling velocity in the oak is higher for the tungsten alloy piston, but not necessarily 
higher in the aluminum. The data show large variations for the sane  test time periods. These 
variations were initially thought to be due to the variation in wood hardness and plastic hardness 
of the aluniinum. As the tests continued it became apparent that the tunneling velocity was very 
dependent on the force applied on the chipper tool to hold it against the target material. One 
operator was able to apply enough force to stall the chipper tool with the steel piston, but could 
not stall the chipper tool with the tungsten alloy piston. After additional testing and observations 
it was concluded that the chipper tool with the tungsten alloy piston had a strong force or a 
“kick” to it, and the retainer spring extended further during operation. It was also concluded that 
the test penetration results are uncertain. 



I 
Time (sec) Steel 

0.3 13 ,-l - {  J -__- 

Time (SCE) 

Tungsten alloy Percent difference 
0.891 

Steel 

j 30 I 0.012 
45 0.025 I 

I Tungsten alloy 1 Percent difference 
0.026 116 

0.039 56 I 
1 

0.02') t'" 75 I 0.034 

! 0.039 34 
0.039 15 \ 

l'ahle 2 Chimer Tool Penetration Test #2 

Time (SCC) 

10 
Steel Tungsten alloy Percent d iffe ren cc 
0.29 0.298 I 2.7 

I i 0.604 I 0.778 I 29 I 9 -u 

Time (sec) j Steel I 

15 0.029 

I Aluminum 1060 Bar Depth (in) 

Tungsten alloj. 1 Percent difference 
0.019 -3 5 

30 
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60 
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Figure 6 Spring extension versus time for chipper tool 
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i hc: ~ l w I a g e  nieasured peak tiispiacemenis lor the spring are 0.81 and 0.66 inches for tile 
t i i i ~ ~ s t ~ ~ i i  alloy and steel pistons. respecri\:ely. The corresponding average pcak forces are 42.3 2 
::iitI .35.0 g. I.'roin the spring force displaccnient curve i t  is concluded that the impact energ). of 
111~ hit is signilicantly higher foi- the tungsten a l lo~ ,  piston. 

I 
I 
I i I tun number 
1 
r- 
I 

1 
I 
t-- 

I 
1 - 
-. 

t 

I 

AI wage 

St;t ~idard 
dc\ iation 

+-- 

-___ 
1 coef'1: of 
1 \w-ilicatioii 

i he bit velocitj versus time was calculated from the spnng displacement data and is presented 111 

I .:hlc 4 I n  geneial the bit \elocit> for the tungsten allo! piston \\as higher then that foi the steel 
J !:e 111it1ill \c.locit! \\as 6% liighei and the rebound mipact \e10cit~ \\as 51% higher. I'he 
11 I o ~ n c n ~ u m  of the tungsten all01 piston is signiiicantlj~ highei 

'I'ung s t en a1 1 o! Steel 

Displacenient Calculated force Dispiacenient Calculated force 
peak (Ibfj! (in) (Ibf)' 
0.810 47.4 0.62 1 34 0 

0.793 41.6 0.690 37.1 
0.838 43.2 
0.8 IO 12.1 

i 
I 
1 
I 
I 

i 0.656 35.6 I 
i I 

-1 
I 4 
I 

0.049 2.19 
I 

I 
0.01 s 0.80 1 

I 
I 2.2% 1.99; j 7.3 6.2% 

Time 
(msec) 

1 
2 

Velocitv 
Steel Tungsten alloy 

(iidsec) (idsec) 
197 209 
156 185 

Force (Ibf) = 6.52 + [44.28 x spring displacement (in)] 



5.2 Jackha m rn C‘I‘ 

The second design MYIS l‘abricatrd and used a cap screu in 11ie placc. oftlie prcw t i t  plug. The cap 
screw i ~ a s  torqued t o  approximatel! 60 ft-lbs to lock it into place. ‘I lie testing n ent smoothl~ 
until the cap scren looSei1cd \\ it11 111r 1.ihra:ion and the claddin? fiilcd due 10 AiiocL-oi~ A third 
piston \\as fibric2tLd \i hich i;d [lie cLtp scrcu imqued to 200 ti-jbs and c.po\it.d i n  pl:ice. This 
final design did not fail and \\as used 10 cut up a large COIIC~L‘IL‘ ,jab 10 demon~ti.;-t~e i t5  durability. 

The concrete slabs neic  appio-\imaiel! (1 feet square and 6 iiiciics thick. 1 - h ~  ICSI 1 x ~ ) c e d ~ r e  \\as 
to record the time it tool-, for 111r jachhammer to cut through the ci-iiich scction I112 iesults of the 
tests are sun~inarized in I’al3le 5 lor the steel and tungsten alloy p ~ s ~ o n \ .  ‘I hc a\ eiage cutting time 
l o r  the steel piston 
seconds. On average. the cutting time for the tungsten alloj piston \\as approximatcli\~ 31 % faster 
than the steel piston. More test data would ha\ e been taLen but h e  last  slab had rome cracking 
due to handling and had some sleel reinforcement inside. \\hich limited the locations where lralid 
testing could occui. 1 loue\~er. the jackhanimer \I it11 the tungsten allo> piston \\a? rhcn used to 
break up the useable sections to demonstrate durability. 

1 1 .? sccond. \\ hcieas the time h i  thc lungslcn allo! pjslnn \ fas  8.0 
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I 
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I 
1 

i I‘u ngs t c r i  :L l i o ~  

I - _ _  ( S C t j  - 
i Sfcel piston 

I cutting time ( scc)  piston cutting time 
I __  ___ 

11.0 9.1 j 

12.0 S.5 

11.7 

I 

Y . 1  

6.0 TEST AND ANALYSIS COMPARlSON 

Both them? and preliminary espcrinient suggest that by i~~crcasiiig the densjt! of the piswn pan 
on either impact system. the penetralion rate is increased. \I hich is the main objective of the 1001. 

The arca ratio of the chipper piston to the bit is 1.5. The densit! modulus ratio is 4.0. Using 
Figure 3.0 the relative velocity ratio of the bit was calculated to be 1.25 fhr the chipper tool. The 
measured velocity ratio for the bit with the tungsten piston working against the retainer spring is 
on the average 34% higher. The measured penetration rate ratio is inconclusive due to data 
scatter. 

The area ratio of the jackhaminer PBS to the bit is 1 .O. The equivalent densit), modules ratio of 
the tungsten alloy to steel is 2.4. Using Figure 3 the relative velocity ratio ofthe bit was 
calculated to be 1.22. The measured average penetration rate is 41 U/o faster for the modified PBS 
tests. 

For both cases, the chipper tool and jackhammer, the measured performance for the modified 
tools was higher than that calculated for the analytical model. The higher measured result may 
be attributed to increased target force penetration efficiency for the modified tools, uncertainties 
in conducting the test, or the need to develop a new three component impact model of the 
penetration process. 
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1 he modified designed piston did not have 21 ~ I ~ I I I ~ ~ C ~ I I I  cliecl o n  lhc Iiai~iling 01'1hc 
j:icl\hammer as a whole. especiall). srncc die e\tra M cight of'111c piston 0171y adds a fe14 pounds to  
a 9O-poiind Jaclthaiiimer. The operator thought tlicre \I as i i o  sigrii ficaiit diffkrcnce bet\\ mi the 
t u o  jacLliammers, but he could feel more shock in his hands when using the modified PBS bur i t  

was still comfortable. 'The sound level v, as also comparable to a rcgulai- jacLhammer. The 
modified chipper was only 4db higher than the steel pjston design. 

7.0  CONCLUSION & RECOMMENDATION 

1 he eipcrimental data suggests that the perionnancc 1iiipio\ ement 111 terms of bit velociti or 
penetration rate is greater than that predicted 17) a simplified anal) tical model. The experimental 
tests had uncertainties in several areas including local material property variations in the target 
material and operator pressure variations. Thc material propert! vai jations can be reduced bq 
~4112 a well characterized homogenous spout target ~natei id  Operator \ai iations can be 
eI111IiIicitd b! using a Ineclianical setup similar to the lachhammcr s i  stem used i i i  Referencc 8 
Additioiial tests should be performed using Du prefcrabl? with a niche1 coating IO con11 ol 
contamination. The best uses or benefits in  using DU in impact equipmen1 are most lihrlq in 

ha\? stamping machines or pile drivels because of' potential Ircensmg difficulties of iadionc1ive 
1nater1al s 
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